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Abstract

Introduction

Naturalcommunitydevelopmentin southernhot-
tomland hardwood forests frequently results in
subclimaxstandsdominatedby sweetgumand red
oak orby elm-ash-sugarberryassociationsthat often
include an oak component (Hodges,-in press).
Managersinterestedin timber or wildlife generally
desireto maintain anoakcomponentin regenerating
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stands;hence,theyhavefavoredeven-agedregenera-
tion methods such as clearcutting, Naturally
regeneratedmixedhardwoodstandsmostfrequently
developedas even-agedstandsdominatedby faster
growing,shade-intolerantspecies(JohnsonandShrop-
shire, 1983). In general,even-agedmanagementis
recommendedfor maximum timber production
(Johnson and Shropshire, 1983), although other
managementobjectivesfrequently require uneven-
agedmanagement.

In this paperwe presenta conceptual model of
natural stand developmentin even-aged,mixed-
species stands that underlies our approach to
silvicultural systemsin bottomlandhardwoods.We
discussalternative regenerationmethodsand prac-
tices,includingthe impactonresidualtreesof systems
using partial cuts.

Many mixed hardwoodstandsfound in bottomlandshavebeendegradedby past
harvestingpracticesthat resultedin high gradingthe stand,therebyleaving the
foresterfew optionsotherthan regeneration.Economicconsiderationsusuallycon-
strainthe choicesto someform of completeoverstoryremoval if adequateadvance
regenerationor sproutingpotential is available.Success,in termsofnumbersofstems
andspeciescomposition,requiresfull releaseoftheregeneration,meaningthattrees
greaterthan2 inchesin dbh mustbebroughtbackto thegroundor deadened.Where
regenerationor coppice potential is not adequate,we lack proven methods of
establishingnaturalstandsof desirableoaks.A predictionmodelhasbeenpublished
andcanbe usedto guidedecisionson whetherregenerationpotential is adequate.
Experiencein otheroaktypessuggeststhat it is unwiseto rely on newgerminants
to maintain an oakcomponent.If partial cutsare increasinglyprescribedfor pro-
moting oakregenerationby shelterwoodandfor uneven-agedmanagementofbot-
tomland hardwoods,then greatcaremust be taken to avoid logging damageto
residualstems.
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Stand Development Model

Our model is basedon one suggestedby Oliver
(1981),which recognizesfour stagesin standdevelop-
ment:standinitiation, stemexclusion,understoryin-
itiation, and old growth.

The standinitiation stagebeginsthe cycleof stand
developmentin even-agedstandsfollowing amajor
disturbancethat removesthepreviousoverstory.The
new stand originates from sprouts from existing
stumpsandroots;from advanceregenerationthat ex-
istedunderthe previousoverstory;or from seedlings.

The seedlingcomponentcan originate from seed
producedby individuals in the previousstand;from
seedsproducedby individuals in other standsthat
blew in by wind, werecarriedin by flood waters,or
werebroughtin by animals;or from aburiedseedpool
thatwasmaintainedby additionsfrom within or out-
side the previous stand. Thus, there are many
pathwaysby which individual stemsare recruitedto
form the newstand,andsite-specificconditionsdur-
ing harvestingmayfavor onesourceof regeneration
overothers.The standinitiation phasepersistsuntil
the site is fully occupied.

The stemexclusionstageis characterizedby intense
competitionfor resources(light, nutrients,andwater)
among establishedindividuals. Different inherent
early growth rates and tolerancesfor shade, soil
waterlogging,andnutrient limitations, aswell asac-
tual environmental conditions, determinethe out-
come. The result is a vertical stratification of
individuals andspecies.The speciesthat eventually
dominate the mature stand may have been
representedby relatively few individualsduring the
stand initiation and stem exclusion stages.The
developmentof redoak-sweetgumstandsillustrates
this importantpoint (Aust et al., 1984;Clatterbuck
andHodges,1988;JohnsonandKrinard, 1976,1988).

Theunderstoryinitiation stagebeginsasscattered
individuals in the overstory die and sunlight is
allowedto reachthe forestfloor. New stems,or ad-
vancereproduction,appearin theunderstoryandmay
persistfor as long as30 to 35 years,although oaks
andothermoderatelyintolerantspeciesprobablydie
outwithin 5 to 10yearsunlessreleased.Thesestems
shouldnot be confusedwith suppressedindividuals
that areessentiallythe sameageas the overstory
stems.The timing of the onsetof the understoryin-
itiation stageis determinedby the frequencyof minor
disturbances of the understory and the shade
toleranceof the overstorystems.This phasemay oc-
cur continuously as advancereproductiondevelops
within canopygapsanddies out as adjacentcrowns
encroachintc~ andeventuallyclose,thegaps,whereas
othergapsare openedelsewherein the stand.

The final old-growth stagemay occur if sufficient
advancereproductionstemsareableto growinto the

canopysuchthat an uneven-aged,multistratastand
develops.Trueold-growthstands,whereawiderange
of individuals of widely differing agesand sizesoc-
cur in the overstory, are rare in bottomlandhard-
woods.Major disturbancesusuallyoccur beforethis
stageis reached(Meadows,in press).

Regeneration Methods

Clearcutting,whetherof entirestandsor in smaller
portions(i.e., groups,patches,or strips)hasthemain
advantagein that it favorsthemoderateto intolerant
speciesthat arecommerciallypreferred.Theclearcut-
ting systemmay fail, however,if advanceregenera-
tion islacking,anadequateseedsourceis unavailable,
or stumpandroot sproutsfrom cut treesare insuffi-
cient (Johnson,1981).Clearcuttingis perhapsmost
problematicfrom thestandpointof public perceptions
andaesthetics.

Clearcuttingwith reserveshasbeenutilized to try
to overcomesomeof theaestheticproblemsfoundwith
clearcutting.In clearcutting with reserves,varying
numbersof treesare retainedto achievegoalsother
thanregeneration.In somestates,BestManagement
Practices(BMPs) stipulateleaving treesfor wildlife
(e.g., snagsand den tree management).In another
variation, termeda defermentcut, up to 25 ft2 basal
areaper acre is left in vigorous stemsof largepole
or small sawtimbersize.Thesereservedtreeswill be
carriedthroughuntil thenextrotation.Wedon~tknow
yetwhetherthesereservedtreeswill adverselyaffect
regeneration,nor what the public responsewill be.

Seed-treemethods,in which asmallnumberof trees
areleft to provideseed,differ fromclearcuttingwith
reservesin that the seedtreesare removedafter
regenerationis established.Seed-treemethodsonly
workfor light-seededspecies,which aregenerallynot
a problem to obtain. Hence,seed-treemethodsare
seldomrecommendedfor bottomlandhardwoodsas
clearcutting almost always produces the same
regenerationresult (Johnson,1981).

Shelterwoodmethods will normally be used in
dense, mature stands that have not reachedthe
understoryinitiation stageof development.A light
shelterwoodcut, about 10 years beforethe planned
final harvest,may allowmoderatelyintolerantspecies
suchas oaksto establish,but this methodhaspro-
ducedvariableresultsin bottomlands.

Idealuneven-agedstandshavea mixture of all age
classes,andregenerationtakesplace continuously
over the entire area of a stand (Matthews, 1989).
Uneven-agedregenerationsystemsemploysomeform
of selection,either of singletreesor small groupsof
trees;but, anessentialfeatureis to considerall trees
aspotentialcrop treestoberetainedor ascandidates

7



for harvestregardlessof diameter(Guldin et al.,
1991).Selectionsystemsin hardwoodsaredifficult to
apply, requiring reasonableskill and intensive in-
volvement. In practice,“selective cutting” has been
advertisedasa silvicultural practice,whereasin reali-
ty, it is no more than high-grading,wherethe best
treesare harvestedandthe poorestleft on the site.
Many standstodayhavebeendegradedby “selective
cutting” in the past.

Single-treeselectioninbottomlandhardwoodforests
generally doesnot result in adequateregeneration,
becauseopeningsarenot largeenoughandclosein
too quickly for establishmentof preferredspecies
(Toliver andJackson,1989).Unless initial openings
areenlargedwithin 10years,standcompositionwill
be pushedtowardlesscommerciallydesirable,shade-
tolerant species. Group selection, in which the
diameterof openingsis at leasttwice the height of
adjacent trees, may be a suitable method, but in-
tolerant specieswill be favoredonly in the interior
of the opening.Groupselectionhasbeenrecommend-
ed for converting even-agedto uneven-agedstands
(Matthews, 1989).

Regeneration Practices

Many mixedhardwoodstandsinbottomlandshave
beendegradedby pastcutting practices,leaving the
forester few options other than regeneration.
Economicconsiderationswill usuallyconstrainthe
choicesto someform of clearcutting,if adequatead-
vanceregenerationor sproutingpotentialis available.
Success,in terms of numbersof stemsand species
composition,requiresfull releaseof theregeneration,
meaningtreesgreaterthan2 inchesin dbh mustbe
broughtbackto groundlevel (JohnsonandShropshire,
1983).

Whereregenerationor coppice is not adequate,a
two-stageshelterwoodmaybeindicated.Unfortunate-
ly, few guidelineshavebeentestedfor determining
what constitutesadequateregenerationor coppice
potential.

Johnson(1980) developeda techniquewherebya
standis inventoriedprior toharvestandregeneration
potential assessedby numerically scoring the
reproductionon the siteaccordingto species,height,
anddbh.Greaterweight is given to largeoak seedl-
ings.Johnson’smethodis currently beingtestedand
refined by researchersat the Southern Hardwoods
LaboratoryandMississippiStateUniversity.

A preliminaryevaluationof the predictionmodel
hasbeenpublished(JohnsonandDeen,1993)andin-
dicatesthatimprovementscanbemadeby modifying
theassignmentof points,assigningfewer pointsfor

smallerdesirableseedlings(<1 ft in height).The
modelisintendedonly for usewith completeoverstory
removal to ensurethat full sunlight will reachthe
ground.The model is similar to regenerationpredic-
tion modelsdevelopedfor other hardwoodtypesin
that it emphasizessize,numbersof advanceregenera-
tion, andsproutingability of speciesin theexisting
stand (Johnson, 1977; Loftis, 1990; Marquis and
Bjorkbom, 1982; Sanderet al., 1976).

Prior to harvest,regenerationpotentialis sampled
on 1/100-acrecircular plots, approximatelyoneplot
per acre. Pointsare~assignedto reproduction(stems
lessthan54 inchesin dbh)baseduponheightclasses:
1 point eachfor stems1 foot tall or less;2 points if
1.1 to 2.9 feettall; and3 points if 3.0 feetor taller.
This accountsfor seedlings,seedlingsprouts, and
saplings.

Pointsare also assignedfor the ability to produce
stump sproutsthat are competitive andgrow well.
Becausesproutingpotentialdecreasesasdiameterin-
creasestreessmaller in dbh receivehigher points
than larger treeswithin a species.For example,red
oaks that are5.6 to 10.5 inchesin dbh (that is, the
6- to 10-inch-diameterclasses)areassigned2 points;
10.6-to 15.5-inchtreesaregiven 1 point; but, larger
treesreceiveno points.Sweetgum,on theotherhand,
hasagreaterpotentialto sprout;thereforeeventrees
as large as 20 inchesin dbh merit apoint.

Two questionsremain: Whenis a plot adequately
stocked?,andhow many stockedplotsare necessary
in a stand to give a reasonableassurancethat
regenerationwill be successful?JohnsonandDeen
(1993) provided preliminary answersto both ques-
tions.Twelve points wererecommendedto consider
aplot adequatelystocked.Thiscouldrepresent1,200
treesperacreof stemslessthan 1 foot tall, or400trees
peracreof sapling-sizedstemsover3 feettall but less
than 5.4 inchesin dbh,or somecombinationof seed-
lings and stumpsprouts.Twelvepointsare thought
tobe aconservativecriterionandmayunderestimate
the ability of fewer largerstemsto survive logging
damageandsuccessfullycompete.On the otherhand,
even12 pointsmaybetoofewif regenerationis wholly
in small seedlingslessthan 1 foot in heightasthere
is often heavymortality in this class.

It is uncertain how many stocked plots~ are
necessary.JohnsonandDeen(1993)suggestedthat
60% of thetotal plotsshouldbe stockedto ensuresuc-
cessfulregeneration.Weare continuingour work to
validateJohnson’smodel.

TheJohnsonmodeldoesnot provideaguidelinefor
judgingwhetheroakregenerationwill besuccessful.
The model will predictno oakregenerationif theex-
isting standcontainsno oaksof sprout-producingsize
nor any oak seedlingsanddoesnot accountfor new
germinantsthat becomeestablishedafter harvest.
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Nix and Lafaye(1993), for example,found a happy
coincidenceof agoodacorncropjustprior to harvest,
substantialscarificationduring loggingdueto awet
site, andcompleteremovalof all merchantablestems,
c6mbinedto produceseveralthousandoakseedlings
peracre.Theyreportedthat survival after 5 growing
seasonswasbetween700and1,000seedlingsperacre,
with as many as60% in a competitiveposition. For
the mostpart,however,becauseof seedcropvariabili-
ty, it would be unwise to rely solely on new ger-
minants to maintain a desirableoak componentin
bottomlandhardwoodstands.Experiencein otheroak
types suggeststhat large advancereproduction,at
least3 feetto 5 feet in height,will probablybeneeded.

Partial Cutting

If oak regenerationpotential is poor, the manager
hasthreeoptions(Clatterbuckand Meadows,1993):
promote advanceregenerationthrough understory
removalsor partial overstorythinning; increaseoak
regenerationby supplementalplanting or direct
seeding;or convert to a plantation.We will address
only the first option, partial cutting.

The objectiveof classicalshelterwoodtreatmentsis
to increaselight to theforestfloor sothat oak seed-
lings canestablishandgrowto the largersizeclasses
before the overstoryis removed.This presumes,of
course,that thereareenoughoaksof sufficientvigor
in the overstory to producegood acorncrops. Once
seedlingsareestablished,further cuts areneededto
maintain their survival andgrowth.

Standswith denseunderstoriesandmidstoriesof
tolerantspecieswill requiredeadeningorremovalof
undesirable,lowercanopystemsto provideadequate
light to theforestfloor (JanzenandHodges,1987).We
don’t haveenoughexperienceor datato recommend
cutting intensity, numberof cuts and the intervals
betweenthem,or the degreeof competitioncontrol
necessary.

Heavyshelterwoodremovalswill favor fast-growing
intolerants,and light cuts may favor lessdesirable
tolerant species. This is an area where further
researchis needed.

Partialcuttinghasbeenpracticedaswell to improve
overstorycompositionandcontrol standdensity.The
desirableresultof increasedgrowthof residualtrees
hasbeenmixed with undesirableresultsof increas-
ed epicormic branching and logging damage to
residual stems. While some logging damage is
unavoidable,the potential impact on future stand
value canbe excessive.

Logging wounds provide a site of entry for
pathogenicfungi that causebutt rots, the primary
causeof cull in southernhardwoods(Toole, 1960).The

averageextentof rot abovea scarin red oaksis 2.7
feet, 20 years after wounding and 5.4 feetafter 40
years.If a scaris already2 to 3 feet long, a signifi-
cantportionof the butt log couldbelost by thetime
astand is harvested(Toole, 1960).

Researchat theSouthernHardwoodsLaboratoryis
looking at logging damageaspart of a largereffort
devotedto intermediatestandmanagement.In one
study of partial cutting in a green ash-sugarberry
stand,excessiveloggingdamagewasfound(Meadows,
1993).Thinning removed40% of stemsand25% of
basalareafrombelow.Fully 62%of theresidualtrees
weredamagedto someextent,primarily to the lower
boleor to exposedlateralroots.While damageto most
treeswasminor,35%experiencedmoderateto severe
damage.Skiddingdamagewasthemostcommonform
of damage.

Besidesoffering aninfectionsitefor pathogens,log-
ging woundsstressthe treeand lower its vigor. We
areinvestigatingwhetherthisalso causesanincrease
in epicormic branching. While epicormicsdid not
significantly increase1 yearafterharvestin thegreen
ash-sugarberrystand,thefull impact maynotbeevi-
dent for severalyears.

Reisinger and Pope (1991) investigated logging
damagein uplandhardwoodstandsin Indianathat
wereharvestedusingacombinationof single-treeand
group-selectionmethods.They also found excessive
damage(71%), primarily from skidding.Theyconclud-
ed that much of the skidding damagewas due to
carelessness.Theyrecommendedthat loggingdamage
be minimized by making certain that skidder
operatorsbe given training andmadeawareof the
value of the residual crop. They also thought that
closersupervisionandalternativelyfinancial incen-
tives or penaltiesspecified in the logging contract
would help.Preharvestplanninganddesignatedskid
trails, along with designated“rub” treesalongmain
skid trails, may be especiallyimportant in uneven-
agedmanagement.Thesetechniqueswould concen-
trateadverseimpactson residualtreesandthe site
into a smallerarea.

Future Directions

Economics dictate that reliance on natural
regenerationin bottomlandhardwoodswill continue.
Maintaining the valuableoak componentwill be a
major challengeasit hasprovento be on productive
uplandsites.More than ever,managersneedproven
techniquesfor predictingregenerationoutcomesfrom
varioustreatments.Althoughwecontinueto validate
Johnson’spredictionguide, it is only applicablefor
completeoverstory removal. Prediction techniques
robust enough to apply to other regeneration
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treatmentsareneeded.Socialpressure,particularly
on public land managers,dictates that even-aged
regenerationalternativesto completeclearcutting
that still resultin adequateregenerationof desirable
intolerantspeciesneedto bedeveloped.While defer-
ment cuts may be a viable method, this has to be
demonstratedexperimentallyand operationally.

Experiencehas shown that classicalshelterwood
methodsare not reliableenoughto regenerateoaks
in oneor two partial cuts.Limited datasuggestthat
understorycontrol may beas importantasoverstory
reductionsin establishingandmaintainingadvance
oakreproduction.Futureresearchshouldbe directed
towardquantifyingthe light conditionson theforest
floor necessaryat differentstagesof seedlingdevelop-
ment and establishingrelationshipsbetweenlight
levelsand amountsof overstoryandunderstoryleaf
area.Understandingtheserelationshipswill allow
the developmentof guidelineson cutting intensity,
numberof cutsandintervalsbetweenthem, andthe
degreeof competitioncontrol necessary.

Textbookuneven-agedmanagementin bottomland
hardwoodswill seldombepracticedon nonindustrial
privateland.Evenon public andindustrialland,the
expertiseandconimitmentneededto successfullyapp-
ly “true” group selectionwill seldombe available.
Whatappearspractical is ahybrid methodthat some
will call groupselectionbutpuristswill regardas a
patchclearcutor shelterwood.In standsthathavenot
beenseverelyhigh-graded,this methodseemsto work.
In any case,partial cuts will be increasinglypre-
scribedfor promotingadvancedoak regenerationby
shelterwood,orfor uneven-agedmanagement.In the
future, specialcaremust be takento avoid logging
damageduringharvest.An aggressiveprogramof log-
ger education,at the level of the machineoperator,
seemswarranted.
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